SUMMARY Volume measurements were carried out on 19 brains from leucotomised schizophrenic patients and 20 age-and sex-matched controls using a stereological method. The volume of the total fixed brain, hemispheres, cortex, white matter, and central grey matter were all significantly reduced compared with controls. White matter and central grey structures were significantly reduced compared with a group ofnon-leucotomised schizophrenic brains. No difference was found in the size of the lesions in patients who improved compared with the patients who remained unchanged and the outcome was unrelated to lesional asymmetry. Morphometric measurements were correlated to a number of clinical parameters.
Moniz2 with frontal leucotomy having its heyday in the 1940s. The following years prefrontal leucotomy was performed on a great number of patients. Tooth and Newton3 have reviewed over 10 000 cases who had been operated on in Great Britain in the decade following 1942. Some two-thirds of the patients were schizophrenic and about one-quarter had affective disorders. Of the schizophrenics 18% showed signs of improvement while as many as 50% of those with affective disorders improved considerably or recovered. The death rate was 0 3%
Critical follow-up investigations in the 1950s45 described the so-called post-lobotomy syndrome and the active antipsychotic drugs (such as chlorpromazine) were introduced in the treatment of chronic schizophrenia. This caused a large reduction in the number of frontal leucotomies in the following years. Very few follow-ups have been published regarding post-mortem changes in the leucotomised brains,6 and modem morphometric methods have not been applied.
It was considered of interest to evaluate the postmortem consequences of destruction of areas in human brains. With a new stereological method it is possible to estimate the total volume of the hemispheres, cortex, white matter, central grey structures and ventricles and include the size of the leucotomy lesions. Care was taken to correlate structural changes after leucotomy with clinical parameters.
Material
From a collection containing 52 brains from patients with chronic schizophrenia 19 brains from schizophrenic patients on whom a leucotomy had been performed were matched by age and sex with 20 control brains obtained from three pathologic departments in Copenhagen. The schizophrenic brains were collected from two psychiatric hospitals of chronic patients over a period of 12 years (1972-1984) . The diagnoses were given according to ICD-9 and fulfilled the criteria of DSM-III. 7 The brains had been removed within 72 hours of death vnd stored from 1973-85 in 10% formalin for at least five months to ensure a stable volume.8 Exclusion criteria were strokes or tumours in the CNS, and alcohol or drug abuse. Patients with malignant disease (cases No 10, 15 and 18) had no direct or indirect involvement of the brain. Patients who had been comatose for more than 24 hours prior to death were also excluded. Furthermore, any record of dementia or death from cancer led to exclusion of control brains. Table I shows diagnosis, age at first admission, number of years as psychiatric in-patients, treatment, and development ofdyskinesia (ifany); 12 had developed dyskinesia, 11 being oral dyskinesia, and 10 patients had had such additional symptoms as hyperkinesias of the head, body or extremities and/or tremor of the hands. The symptoms had appeared from 3-19 years after the start of treatment. All patients had received high doses of the neuroleptic group of drugs.
Seven patients had seven first-degree and two second-156 (5 30) degree relatives who were schizophrenic; three patients had re-operation because of decreasing or lack of effect from the six second-degree relatives with schizophrenia; one patient first operation, two of the operations included bilateral had an alcoholic father; two patients had manic-depressive amygdalotomy. Table 4 shows the general parameters of the uncles; one patient had a son who became mentally disturbed controls. and later committed suicide.
To evaluate the effect of leucotomy on the components of Table 2 shows general information of the patients, the the brain a comparison was made between the 19 schizocauses of death and factor of first-degree inheritance; The phrenic leucotomised patients and a group of 26 chronic fixation time of the schizophrenic brains is on average six schizophrenic patients without leucotomy from the original times as long as that of controls which is relatively unimpor-brain collection of 52 brains. These patients (14 males and 12 tant, since a stable volume has been established after five females) had an average age of 73-3 years, an age at first months of fixation.8 admission of 32-2 years, had spent an average of 33-2 years in Table 3 gives details of the leucotomies. All patients had a psychiatric hospital and were treated with neuroleptic drugs undergone bilateral frontal leucotomy; seven had had a for an average of 17 years. Information concerning all data of There was no significant difference in the length of neuroleptic treatment in the patients who had developed dyskinesia compared with the remainder of the leucotomised patients (2p = 0-19). The cortical volume from the 12 patients who had undergone ECT treatment showed no significant difference from those ofthe other leucotomised schizophrenics (2p = 0.10). Eight patients had developed epilepsy after (mean = 7-9 y, range: 1-23) the operation, probably due to the leucotomy; all patients had generalised seizures. The epileptics had significantly larger lesions (mean lesion volume = 5-I 1 % ofhemisphere volume) compared with the rest of the leucotomised schizophrenic patients (mean lesion volume = 2-13% of hemisphere volume) 2p = 0003.
There was no significant difference between epileptics and the other leucotomised schizophrenics in their cortex and white matter volumes (2p = 0-24).
To ascertain whether the result of the operation was related to the size of the post-operative lesion in the frontal lobe, the six patients who improved were compared with the nine patients who were unchanged. The percentage size of the lesions in the improved 160 Although no significant difference was found in the size ofthe total lesions between improved and unchanged patients, a difference was found between the number of segments affected and their localisation in the frontal lobe. In the improved patients the segments from which most of white matter was lost after leucotomy were in the middle plane, MC being affected in all cases, DL in 83% and DM in 50%. Fifty four per cent of the total number of affected segments were located to the middle plane. In the anterior plane, MC was affected in 66%, DM in 33% and C in none. Thirty two per cent of the total number of affected segments were located to the anterior plane. The remaining 14% of affected segements were located in the posterior plane.
In the unchanged patients the largest number of affected segments was in the anterior plane, where 54% of the affected segments were located, MC being affected in 89% of the cases, DM in 56% and C in 33%. In the middle plane MC was affected in 67% of the cases, DL in 33% and DM in 22%. Thirty eight per cent of the affected segments were located to the middle plane. The remaining 8% of affected segments were located to the posterior plane.
To test whether the outcome of the operation was related to lesional asymmetry, the difference in volume of the lesions of the right and left lobes was compared in the six patients who had improved (mean-= 3-00 ml) and the nine patients who had remained unchanged (mean = 2-49 ml). The difference was not significant, 2p = 0 44. Discussion A statistically significant difference was found between the volume of the hemispheres in the leucotomised patients compared with those in the control group. The stereological method used in the present study ensures that the volume of the lesions left by leucotomy are included in the volume of the hemispheres so the difference represents a "true" loss of substance. This decreased volume is due to a general reduction ofall parameters, for example, cortex, white matter and central grey structures of which white matter and central grey structures were statistically significant. The significant difference ofwhite matter is due to leucotomy, the pronounced difference in central grey structures the more interesting, indicating that leucotomy also affects central areas of the brain. No correlation was found between the volume of the lesion and the loss of volume of central grey matter. Thus frontal leucotomy is associated with loss of substance in areas innervated by prefrontal cortex, but unrelated to the volume of the lesions.
Although prefrontal leucotomy for schizophrenic patients is now obsolete, stereotactic psychoneurosurgery is not. It is impossible to do justice to the numerous workers who have contributed the anatomical and experimental facts on which our present knowledge of the interrelations between the human cortex and central grey structures has been established.6'3 Our current knowledge about the function of the frontal lobe is partly derived from the results of this pioneering work. Thus in 1951 Fulton'3 was able to recommend the anterior cingulate and the medial orbital cortex as the optimal targets for neurosurgery in the frontal region: the cingular region to counter aggression and hyperactivity and the orbital segment to combat depression and subnormal psychomotor activity in schizophrenia.
Naeser et al. 4 performing computed tomography of 17 schizophrenic men who had undergone bilateral prefrontal leucotomy 25 years earlier found that the cases with good recovery (n = 6) and significantly larger lesions in the low orbito-frontal region (especially on the left side) than those cases with only moderate or no recovery. In the present study no difference was found in the size of the lesions in patients who improved compared to the patients who remained unchanged. The location of leucotomy seemed to be more important than the size ofthe lesion (table 3) . Possibly this observation which is not in accordance with Naeser et al4 or Meyer and Beck6 could be due to the fact that in the present study the total volume of the leucotomy lesions was determined.
It is noteworthy that the mid-central segment was affected in the middle plane of all the cases who improved. In contrast to the findings of Naeser et al " the effect of leucotomy was found to be unrelated to lesional asymmetry.
No statistically significant difference was found in
